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ABSTRACT 
A calorimeter apparatus previously designed by Mr. Vleaver 
and modifie.d by the author was used to determine the latent 
heat of vaporization of methanol at hieh pressures. l.1easure-
ments were mGde in the ranee fror:i 100 °c to 188 °c. The average 
deviation of the experimental data is 1.63 %. For practical 
use of the data, a smooth curve is presented. Althou.zr. scat-
tering of the experimental data is rather high, the fi "~ ted 
curve compares quite favorcbly with the ccccpted values found 
in the literature. An error o.nalysis is 1!1.'.1de to deten:-.ine the 
precision of the experimental ru.~s. 
As a check of ovc:'cll c..:ccurocy of the experir.-:cnts > .:-.ec:s-
urer:1ents were made on the hcot of vaporiu~tion of v,ater. 'Ine 
reproducibility of the experimental results is not as good as 
anticipated, having an average deviation of 2.26 %. 
necoIIL~endations for minor modifications of the equipment 
are suGcested in order to increase the precision of the appa-
ratus. 
,.,.. ' 
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INTRODUCTION 
There are several methods available for calculating heats 
of .vaporization of pure substances. Comprehensive reviews of 
the calculation methods can be found in the literature ( 2, 3 ). 
A ereat majority of these methods and at least the more accurate 
ones are based on the Clapeyron equation. Usually the input 
data for the calculation of heat of vaporization requires exten-
siVe vapor 'pressure data and critical constants, or saturated 
vapor and liquid densities. Obviously, the accuracy of the re~ 
sults cannot be better than the input data. 
It is clnimed that the heat of vaporization of almost any 
compound can be calculated within 5 ~, if input data is accu-
rate ( 2 ). From a practical point of view it may be difficult 
to find vapor pressure data of required accuracy or to find an 
equation that applies to that particular compound in calculating 
the heat of vaporization. Also, one can never be sure of calcu-
lated results until they have been experimentally checked. For 
this reason the need for experimentally determined values will 
always exist. 
The experimental technique for direct· determination of heat 
of vaporization consists of measuring the electrical energy 
necessary to vaporize a unit wei~ht of liquid. The method is 
quite reliable if heat losses are eliminated or properly accoun-
tr,r: for. The experimental results can be obtained with an accu-
racy of 0.3 % ( 1, 11, 12) which is much better than the cal-
culated results. 
Most of the experimental determinations reported in the 
literature are done at atmospheric or below atmospheric pressure. 
' ' 
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The heat of vaporization at higher pressure is then calculated 
from the atmospheric pressure run. 
Weaver ( 13 ) built an apparatus for measuring the heat l 
of vaporization dire~tly at elevated pressures. The author's 
report is a continuation of the v,ork started by 111'. Weaver with 
some modifications of, the apparatus. The author made experimen-
tal runs using water and methanol as test fluids. Since accura-
te data for water is available in ~~earn tables, water was used 
to check out the perform3nce of the apparatus and to ictermine 
its accuracy. Some experimental data between 40 °c and 110 °c 
are also available for methanol ( 1, 4, 9 ). 
The apparatus as constructed by the author can be used only 
for pure component systems. However, with some modificatio~ of 
the calo:r-irneter bulb it can be adapted for measuring the heat 
of vaporization of multicomponent systems. 
4 
DESCRIPTION OF APPARATUS 
The schematic diagram of the assembled apparatus is shovm 
in Figure 1 and some details of construction are shown in 
Figures 2 and 3. Since the apparatus is basically the same as 
described by S.D. Weaver in his thesis ( 13), only a brief de-
scription will be g~ven here. 
Principal parts of the apparatus are as follows: 
1) Pressure enclosure 
2) Calorimeter bulb 
3) Calorimeter heater and its power circuit 
4) Flow control valve and the condenser 
5) Liquid storDge tank. 
To minimize corrosion and possible contamination of test 
liquid, the metallic parts of apparatus were made fror.i stainless 
steel whereever possible. 
The pressure enclosure is made from a Jerguson caee (sight 
glass) with the top and bottom covered by blind flanges. A 1/8" 
thick teflon sheet is used as n gasket for the flanges. 
The following items are installed on the bottom blind flange: 
pressure enclosure heater, bulk liquid thermocouple, and a 1/4" 
OD liquid inlet nozzle. On the top blind flange there are in-
stalled: calorimeter bulb, a connection for neck heater, and a 
1/4" OD vapor outlet nozzle. The neck of the calorimeter bulb, 
a 1/2" OD glass tube, is attached to a stainless steel adapter 
by a mechanical seal. The adapter is then screwed into the cen-
ter of the flange; see Figure 2 for dimensions. 
Conax glands are used for bringing all thermocouple wires 
and copper leads into the pressure enclosure from outside. 
,I 
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The calorimeter heater and the thermocouple are located 
inside the bulb. The heater hangs by its own leads in the bottom 
cente~ of the bulb but without touching any walls, so as to 
prevent heat loss by conduction through the glass. The, calori-
meter heater element is prepared as follows: the resistance wire 
is wound tiehtly on a, 5/16" OD .class tube, making a helical 
coil with one turn touching the other. The wire is then heated 
with a torch until red hot and Quenched in water. The glass tube 
shatters and the wire :::-er.:oins set in 2 helical coil v,i th spring-
like qualities. By inserting a porcelain insulator in the center 
of this coil, it can be stretched to any desired lenzth; see 
Figure 2 for fin.:::l dimensions of the heater. 
The calori~eter heater is connected to the power supply by 
copper leads. Total resistance of these leads including plug-in 
resistance to the wiring board is 0.051 ohms at room temperature. 
The power for the calorimeter heater is supplied by a 110 
volt constant voltage transformer. A powerstat connected on the 
output side of the const.snt volt8£;C transformer reduces this 
constant voltage to any desired value; see Figure 3 for heater 
circuit diagram.' 
The power input to the calorimeter heater is measured by 
an A.C. voltmeter and an A.C. ammeter. 
To prevent heat loss from vapor in the neck, the heating 
wire is wrapped around the entire-vapor passage from the calo-
rimeter bulb to the throttle valve. 
A continuous flow of fresh liquid into the calorimeter bulb 
is maintained through a capillary tube on the bottom of the bulb. 
To prevent vapor bubbles in the surrounding liquid from entering 
l • 
.\ 
,,, 
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the calorimeter bulb, the end of the capillary tube is turned 
up. The length of the capillary tube is not important, because 
for the flow rates observed the pressure drop in the capillary 
tube is negligible. Calculations of the pressure drop are shown 
on page 50 • 
. .,, 
The temperature inside the calorimeter bulb is measured by 
\ 
a 30 B & S gage ~opper-constantan thermocouple. The thermocouple 
junction is located about 1/8" above the normal operating liquid 
level, i.e., in the vapor phase. This provides smoother readings 
than a junction point subm~rged in liquid. 
The vapor fror.i the calorimeter bt:.lb is th:::-o·':. tlcd through 
the flow control valve into o. v12te:r condenser. It is very im-
portant to hove the richt size VDlve to be able to adjust vapor 
flow rates closely. Durinc the experimental runs flov, rates 
range from 25 to 700 actu0.l cc per minute. Lovier vapor rates 
correspond to higher pressures. The condense:d vapor is collected 
in a 2CC ml Erlenmeyer flask. The flask is attoched to the con-
denser end by a rubber stopper; thus the system is sealed from 
,j the atmosphere. 
1 
The liquid storage tank is connected to the pressure enclo-
sure by a 1/4" OD copper tubing. The tank is sliehtly elevated 
to provide liquid head for gravity flow. TVIo inches of liquid 
head are quite sufficient to maintain the replenishins flow rate. 
A valve in the liquid line provides the control of the flow rate. 
Since the vapor line is strictly for pressure equalization be-
tween the two chambers, no valve is required here. For visual 
inspection.of the system pressure a pressure gauge is connected 
to the v~por line. This gauge is not accurate enough for measu-
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ring the vapor pressure of the liquid. 
The liquid inside the storage tank is preheated to any re-
quired temperature by nichrome resitance wire wrapped on the 
outside of the tank. The resistance wire is held in place by 
porcelain cement (Sauereisen Cement Co.). 
Power supply to every heater in the system is controlled 
by a separate powerstat, i.e., total of four powerstats are 
required. 
To minimize the heat losses from the system, all vrnrm sur-
faces of the vessels and piping are insulated with fiberglass 
insulation at least 2" thick. A slit in the insulation is pro-
vided for visual observation of liquid levels during the run. 
f 
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EXPERIMENTAL PROCEDURE 
Prepare Apparatus for the Run • 
Initially, the storage tank is filled with about three 
gallons of test liquid. In this report absolute methanol and 
distilled water were used. 
At the start all valves are closed. A vacuum pwnp is con-
nected to the pressure tap in the vapor line and the system is 
evacuated for about two hours. This is done for the initial run 
only. For the future runs it is not necessary to evacuate the 
system again, since no air will be allowed to get inside. After 
the air is evacuated, liquid from the storace tank is admitted 
to the pressure enclosure. V/hen the liquid level reaches &bout 
1/2" above the calorimeter heater the liquid valve is closcc. 
again. 
Powerstats are set as follows: 
storage tank heater 
pressure enclosure heater 
neck heater 
calorimeter heater 
70 volts (approx. 240 watts) 
60 volts (approx. 102 watts) 
30 volts (approx. 33.7 watts) 
18 volts (approx. 15.4 watts) 
Heating the System to Equilibrium. 
All heaters are turned on except the calorimeter heater, 
which contributes very little to heating up the system but re-
quires a close watch so that it does not run dry. Due to the 
large mass of the pressure enclosure (especially the flanges) 
it takes about 2 - 3 hours to heat up the. system. Since the 
power input by the heaters is faster than the heat conducted 
through the chamber walls ~he pressure in the system builds up 
without being in equilibrium with the wall temperature. 
' /t,, 
12_ 
It is not neceseary to heat the bulk of liquid inside the 
storage tank to the boiling point in o~der to maintain the de;_ 
s_ired pressure in the system. Since there is n~r.,mixing of liquid 
inside the storage tank o surface layer maintained at the boi .. 
··, 
ling point temperature is sufficient to keep the system under 
the equilibrium_press4re. 
When the desired pressure is reached, the storage tank hea-
ter is turned down to Gbout a 45 volt setting on the ~owerstat~ 
Thie will stop the pressure in the· system from rising and allow 
the enclosure wall to approach the equilibriwn temperature. 
!:ow, the crJlor·imeter• heater is turned on and the liquid 
insidt: the bulL- ste:rt~ boiling soon. When the vapors inside the 
bulb stort pu::;hl.nc the liquid level down, the throttle valve is 
openod slowly C:.nd the lc:vcls are equalized. Water to the con-
denser is tur·ned on. The liquid valve in the line from the sto-
rage tank is slightly opened allowine fresh liquid to enter the 
pressure enclosure. 
At this time the liquid temperatures inside and outside the 
buJ.b are checked on the potentiometer. When both liquid tempe-
ratures become steady and equal the system is in equilibrium. 
It is necessary to adjust the pressure enclosure heater all.the 
time, since the liquid temperatures inside and outside'the bulb 
ar·e quite sensitive to slight changes in the heating rate of 
this heater. The throttle valve also has to be adjusted conti-
nually in order to keep the ~iquid level inside the bulb the 
same as outside. 
· After the initial heat_ up period 1t takes another hour to 
reach the dynamic equilibrium between boiling liquid end-chamber 
walls. 
! 
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Start the nun. 
,,, 
When both liquid temperatures and levels arEa fin~lly steady, 
,, 
the measurement i~- ·begun. A tared 200 ml Erlenmeyer flask, is 
fitted to the condenser eridl and simultaneously the -timer is star-
ted. The flask is packe·d in ice to prevent any loss of condensate 
by evaporation. 
During the run the liquid level inside the bulb should not 
be allowed to fall bei"ow the heater wires or allowed to rise 
above the bulb neck. In the first case, some of the measured 
heat input will go· into vapor superheat, and in the second case, 
some of the liquid inside the bulb will be vaporized by the neck 
heater. Normally there is little adjustment required for the 
pressure enclosure heater and the throttle valve once the .system 
is in equ_ilibriwn. 
The temperatures inside ~nd outside the bul~ are measured 
continually every 2 - 3 minutes throughout the run. Any noticed 
temperature chanee is corrected by adjusting the power input 
to the pressure enclosure heater. The ~verage temperature for 
the run is obtained by plotting potentiometer readings vs. time 
, . 
and then taking the integrated average. Separate curves are pre-
pared for the inside and the outside bulb temperatures. Usually 
both temperatures are the same but if they are slightly different 
then the inside bulb temperature is taken as the correct one. 
Voltmeter and ammeter readings of calorimeter heater are re-
corded throughout the run. Altbough the constant voltage trans-
former mainta~ns the voltage quite uniform, the current variee 
slightly. This variation is probably dua to changes of heating 
wire resistance with temperature. The average current for the 
. I 
,. I 
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run is obtained by plotting ammeter reading vs. time and 
taking the integrated average. 
The run is continued for a 50 - 100 minute period, until 
a reasonable amount of condensate is collected. 
End the Run. 
At the end of the run the flask with the condensate is 
removed from the condenser and the timer is stopped simulta-
neously. All the heaters are turned off and all the valves are 
closed. This prevents the atmospheric air from entering the 
system v1hile the appnratus is cooling off. 
The flask vii th the condensate is weighed on an analytical 
balance to within one mg. From the net weight and the total 
power input to the calorimeter heater the latent heat of vapor-
ization is calculated as shovm on page 48. 
The experimental procedure for water is the same as for 
methanol, except for slightly different power input to heaters. 
. ,I 
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DISCUSSION 
PRELIMINARY WORK 
Liquid Storage Tank. 
One of the shortcomings of previous work by Weaver ( 13) 
was that only a small amount of sample could be collected during 
the experimental run. When only a small amount of liquid is 
contained in the pres~uro enclosure it is very difficult to 
reach a steady state condition. For a steady condition it is 
necessary that the calorimeter bulb neck and the vapor line to 
the throttle valve be preheated to the system temper2ture in 
order to prevent any internal condensation of the se.mple. Also 
the throttle valve ~ss tote adjusted to the boiling rate and 
pressure in the calori;.;eter bulb. All of this, of course, requi-
res running the, apparatus for an extented period of time and 
consuming the sample liquid • 
The liquid storage tank was added to replenish any amount 
of liquid boiled off in the pressure enclosure. The advantages 
of storage tank are as follows: 1) constant liquid level can be 
maintained throughout the run, 2) any desired amount of sample 
can be collected and 3) several runs can be made at the same 
steady condition. 
Power Supply for the Calorimeter Heater. 
Initially power to the calorimeter heater was supplied by 
two 12 volt automobile batteries connected in series. Pov;er 
input was measured with the help of resistance circuit. By measu-
ring voltage and resistance, power input was obtained as descri-
bed by Weaver ( 13 ). 
·During the preliminary runs it was noticed that battery 
voltage was steadily dropping while battery was in use. This 
;·;, 
!1 
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necessitated continuous reading of battery voltage and then 
determining the average value for the run. 
·~' 
Also, it was noticed that the calorimeter thermocouple was 
picking up stray currents from the calorimeter heater, making 
it impossible to get accurate temperature readings. After boi-
ling for several hours, the methanol inside the bulb gradually 
discolored, turning yellow. At the sar0.e time the liquid tempe-
rature inside the bulb v:as much higher than the bulk tempera-
ture in the pressure enclosure. This temperature difference 
kept increasing as the heating continued. After a fe 1:1 prelimi-
nary runs the methanol inside the bulb turned dark brown. Hea-
tine was discontinued and .). ' L.DC app2ratus allov1ed to coo] off • 
Later it was found that a green powder had settled out and me-
thanol liquid remained clear again. It is believed that copper 
leads of the calorimeter heater and possibly chromel "A" resis-
tance wire were dissolving in methanol as the D.C. current was 
I 
passing through them. 
To eliminate the electrolysis problem and to keep the vol-
tage constant it was decided to use A.C. system for the calo-
rimeter heater. A schematic diagram of the heater circuit is 
shovm in Figure 3 and it is described on page 5. 
Heat Loss from the Calorimeter. 
In heat of vaporization measurements, heat loss is one of· 
the major problems requiring intricate arrangement of apparatus 
and careful calibration ( 7, 11 ). 
The author's apparatus is designed in such a manner that 
. at equilibrium the heat loss. from the c·alorimeter bulb is eli-
minated. Boiling liquid outside the calorimeter bulb acts as 
·,-, 
' 
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a coijstant temperature surrounding. The liquid inside and out-
side the bulb is boi+ing at the same pressure and for a one 
component system the temperat~res on both side,s have to 'be the 
same, i.e., no heat transfer is possible between the inside 
and . the .outside of, th.e, b4lb 8$ long as the composition of, the: · 
liquid is uniform. Superheating of 'liquid can be neglected, 
since rising vapor bubbles in· rapidly boi,ling liquid are suffi-
cient to cause convection and equalize the temperature. 
Heat lo~s by thermal conductivity of electrical leads or 
calorimeter neck is compensated by the neck heater. Vapor rising 
through the neck is slightly superheated to prevent any conden-
sation by a heat loss. Since the ex·cess of superheat in vapor 
is not Critical, no exact calibration of the neck heater with 
vapor temperature was attempted. 
It was found that a constant power 'input of about 33.7 watts 
was sufficient to prevent condensation in the neck ·at any ope-
rating temperature. At this power input to the neck heater it 
was observed that no condensate vrns running dovm inside· the calo-
rimeter bulb and no droplets were falling from electrical leads 
or thermocouple leads. Also, it was observed that the ef::fluent 
f'fOltJ the throttle valve was all vapor ~ven at low pressures and 
low flow rates. 
In the opposite extreme, there is a danger of heat gain from 
the neck heater, resultfng in the vaporization of some ·of the 
liquid in the bulb. To reduce this problem, neck heating-wires 
were started orily 1-1/4" ·above the operating liquid level. Obser-
vati,ons made when the system was at equilibrium and the neck 
he.ater was. set at 33. 7 watts power input, ingicate that this heat 
. } 
i 
,! 
.'! 
.... 
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gain is negligible. During the preliminary run, vapor flow to 
the condenser was stopped by turning off the calorimeter heater 
and closing the throttle valve. Then it was observed that the 
liquid level inside the bulb was falline at a very slovt, barely 
noticeable rate. Since the calorimeter thermocouple was showing 
no increase in vapor ~ernperature it was concluded that the low-
ering of the liquid level was due to vapor expandine from the 
neck heater heat input. This indicates that the heat cain from 
the neck heater would be negligible during normal vapor flow • 
\ j 
I 
i 
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EXPERIMENTAL ACCURACY 
The accuracy ·of~e experimental re~ults,, depe'nds on:· 
.· • ' 
• , . i' .• · , . •, '" 
a) accuracy of measurements and b) errors of.,he s;vstem.' 
ACCURACY OF MEASUREMENTS. It will include the instI'ument 
errqrs as well as human errors in readability. Usually the 
readability is far more inaccurate than the instrument itself. 
The c_alculation of percent err.or as listed below is baseq. 
on the average values of run No·. 64, as a typical run. 
Temperature. Alth0ugh the potentiometer used was a very 
accurate and sensitive instrument, tJ::ie consecutive re0dings 
fluctuated quite _a bit due to turbulent ~oiling. The fluctu-
ation averaged about ! 0.002 millivolts which is equivalent 
to 0.04 °c. Thermocouple lead resistanc~ was neglected. 
Potentiometer readings = 6.998- :: 0.002 millivolts 
% Error in temperature measurement= 0.002 x 100 = 0.029 % 
6.998 
The absolute temperature affects the heat of vaporization 
only indirectly, since it is not a direct factor in the equation. 
.... At 315. 2 °r the change of heat ·of vaporization with tem-
perature is 
.6H =·o. 96 Btu Ref. (10) 
by: 
/:::.T Lb-°F 
Incorrect temperature Will affect the latent heat value 
0.96 Btu x (0.04 x 1.8) °F = 0.0691 Btu/Lb 
Lb-°F 
% error in heat of vaporization = 0 •0691 Btu/Lb x 100 = o.·019 % 
364 Btu/Lb 
Power Input to Calorimeter Heater. 
+ 
.Readability of voltmeter = 18.0 - O.l volts 
% error in vo,ltage = O. l x 100 = 0.559 %· 
18.0 
i 
. I 
.L-· ------------------------------· 
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+ 
Readability of ammeter = 0.834 - 0.002 amps 
% error in current. = o.oo2 x 100 = 0.240 % ·· 
0.834 
% error in power measurement ~ 0.555 % + 0.240 %. ·= 0.795 % 1 
. The· power loss due to resistance of the calorimeter heater 
leads is corrected separately as shown in sample calculation 
on page 48. 
Vve.ight of Condensate. ',Veighing of empty flask and later of 
:r.task with condensate ·was done with analytical balance within 
1 mg. 
0.001 + 0.001 16 error in weight of condensate = x 100 = 0.0022 % 
89.077 
Time of the Run. Estimated accuracy of the t"ime between 
placine and removine the flask from the condenser is 1 sec. 
?6 error in time 1 = ---x100 = 0.012 % 
85 X 60 
ERRORS OF THE SYSTEI'.:. As discussed below they are connected 
with the type of apparatus, the method of operation, and the 
fluids under study. 
Heat Loss from Bulb to Surroundinr; Liquid_. The- methanol 
sample contains some impu:rities and its boiling point changes 
bY O. 2 °c while the liqui_d boils o·ff from one liter to 95 ml 
volume (from methanol reagent specification). During the expe-
riment liquid flows through the capillary tube· in one direc-
tion only: into the bulb. The boiling liquid in the bulb gets 
concentrated with heavier components and the boiling point 
rises. The surrounding liquid maintains the initial tempera-
ture. As shown by calculations oh page 52, the temperature 
- d:if'f'erence is 0.18 Op and. th~ heat loss amounts to 0.178 % 
\i 
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of the latent heat" value. This value would be higher if the 
amount of vaporized liquid during the preheating period,. is 
included. 
Increase of Latent Heat Due to Impurities. Since the me'tha..: 
nol sample contains iinpurities, the actual heat of vaporization 
of the·solution is· different from.that of absolutely pure metha-
nol. The water content of the methanol sample is 0.04 ~6 wt •. 
and assumine that there ar·e no other impuri tics, the actuol 
heat of vaporization is increased by 0.068 16 as shovm en page 53. ,.· 
Sensible He~t Lo;.:c Durinp the Hun •. Even Eiftor a few hours 
of heating and see;:nir.r; equilibriu.rn, the liquid tmr:pernture in 
the pressure enclosuro rnoy not rc~nin exactly constont. In the 
majority of ca:.::cs the tempGrcturc tP.nds to increase while "s:he 
run is procressinc. '.rhe average tempc.rature chan~o during ·the 
run is approximately 0.8 °F. The sensible heat required to raise 
the temperature of the liquid inside the bulb ~s actually a 
heat loss. As shown by cal6~lation on pace 53 this will in-
crease the heat of vaporization by 0.038 %. 
Partial Condensotion of Vopor in the Heck. The amount of 
heat loss from the neck and the vcpor line to the throttle 
valve was not determined. This requires calibration of the neck 
heater. The author believes that power input to the neck heater 
was suffitient to prevent any condensation in the line. 
Vapor Hold~up in the Neck and the Condenser. The vapor hold 
up in the system is negligible, mainly because the total amount 
of sample collect~d is very much larger than the vapor v9lume 
.0f the line. Besides, temperature, pressure, and boiling rate 
are almost the same from the start until the end of the run. 
22 
When the flask is placed under the condenser the tube is al-
ready wet and the condensate is steadily dripping. The total 
loss of sample is estimated to be less than 0.009 % for all 
cases. 
The sum of all errors listed above is the expected experi-
mental accuracy and it is equal to 1.12 %. 
\ 
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RESULTS 
wi:ter. 
Measurements of the heat of vaporization of water were 
made primarily to check out the accuracy of the apparatus. 
Distilled water obtained from the Chemistry Laboratory was 
used as a test liquid. 
The experimental results of the heat of vaporization are 
shovm in Table I and plotted in Ficure 4. In Table II the ex-
perimental results are cor:1pared v1ith Steam Table v&lt:cs. A 
total of 37 runs vms made and the c.versge devia-cion was 2.26 %. 
The maximwa deviations were +7. 94 5; and -6. 91 r;:;. 
From Figure 4 it appears that the r:1.essu:·ed l2tent .. :1e&:.s 
are somev;hnt higher at the low teIJper&ture enc.. This can be 
attributed to lack of true equilibriu.rn at lower temperatures. 
The fact is that pressure in the system can be built up much 
faster than thermnl equilibrium can be reached in all equipment 
parts. The heavy flanges especially take a long time to heat up .• 
Sample vapor passing through a colder flange could be partial-
ly condensed, and the measured values will indicate high heat 
of vaporization. 
The scattering of experimental points is much higher for 
water data than it is for methanol data. This is probably due 
to higher boiling temperature and consequently longer time re-
quired to reach the ec..uilibrium temperature. The true thermal 
equilibrium between the water and the pressure enclosure walls 
may not have existed. If the walls are colder than the water, 
.. the results will indicate high heat of vaporization. If the 
I C 
,. 
'I 
:1 
., 
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neck heater is set too high and if some liquid splashing oc-
cuFs, then the results.will indicate· lovr heat of -vaporization. 
No correlation has been noticed between the percent 9-evi~ 
ation and the boiling rate. 
An attempt was made to fit a curve to the data by the least 
square method using tl}e computer. Since the point s-c.atter is 
high and the range of the data is rather narrow, only a straight 
line correlation could be used: 
A = 1554.659 - 0.844217 T 
where T is in degrees Ran;-::ine and A in Btu/Lb. 
In general, the accuracy .of' the results is not as high as 
reported in the· literature for similEir experiments. However, 
by makine some minor changes in the apparatus and slightly im-
proving the experiTilental technique, the author believes that 
random errors can be minimized and the reproducibility of re-
sults increased. 
Methanol. 
The e~perimental results of tne heat of vaporization are 
shovm in Table III and plotted in Figure 6. II_1 Figure 5 the ex-
perimental points are coml?ared with at.her sources of data. A . 
total of 31 runs was made·, covering the temperature range from 
98.3 °c to 188.3 °c. In Figure 6 two curves were drawn through 
the experimental da~a. 
One curve was obtained by curve fitting a polynomial equa-
tion to all the'data points. A computer program based- 011 the 
least squares method was used in arriving to the b~st curve: 
~ = . 298.6981 + 4 .. 50023 T - 3.37520 x 10-2 T2 + 
+ 8.42005 x 10-5 T3 -· 7.2636 x 10-8 T4 
. . . 
' ,,,, 
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where Tis in degrees Kelvin and in calories/gram. 
A standard deviation of the data points, from the above equa-
tion, is 11.88 calories/gram, or 3.28 %, as shown on page 54. 
Computer runs showing curve fit of lov1er and higher degree 
polynomial equations are also included in the Appendix. 
As can be seen in figure 6, the polynomial curve departs 
from the experimental points at the vmrm end. To fit the data 
closer, a second curve vrns drawn by the author through the 
points. This second·curve is taken as correct representation 
of data. The averare deviation of the data is 1.63 % and the 
ma}dmum deviations &re +4. 39 56 and -2. 51 % , as shovm in Table IV. 
Run No. 21 has a deviation of 11.83 % but this should be disre-
garded since the throttle valve 'Nas not working properly during 
the run. The average deviation of 1.63 % compares favorably with 
the expected experimental accuracy of 1.12 % (as shown by error 
analysis). 
In Table VI, smooth values from the author's curve are 
compared with the following sources: a) Perry's Handbook, b) 
calculations by Clapeyron equation, c) the latest literature 
values (10). The author's smooth values are closest to the 
latest literature values. Perry's Handbook shows lower heats 
of vaporization throughout the whole range, while the calcu-
lation by the Clapeyron equation gives higher values. 
The same trend in deviation as noticed with water runs is 
seen again with methanol: at colder temperatures the measured 
heat of vaporization is higher than the corre.ct values. This, 
~gain indicates that the. apparatus was not quite at equilib-
rium temperature. 
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Evaluation of-Apparatus. 
· It is noticed that when.the boiling ,rate. inside the bulb 
is low, i.e. the amount·of vapor produced is ~all, it is dif-
ficult to _control the· vapor flow rate with the throttie valve, 
' ' 
especially when the pressure inside t}J.e enclosure· is_ high. ·The 
throttle valve has to b_e practically closed. A smaller size 
valve or two valves in sertes may improve the operation at high 
pressure. 
Vlhen the bo1lil"!,g rt3:te inside the bulb becqmes -too high, 
excessive splashin5 results. Liquid is entrained ip the vapor, 
and it is either carried over to the condenser or vaporized 
by the neck heater~ Accurate results at those conditions cannot 
be expect_ed. 
A practical boiling rate for the apparatus is attained 
with a power inpl,lt to the calorimeter heater of 13 to 29 watts 
for water runs and 12 to 23 watts for methanol. 
Theoreticelly, the minimum pressure at which the apparatus 
can be operated is equal to the pressure drop through the open 
throttle valve. It is noticed, however, that below 2 psig 
pressure, it becomes difficult to control the liquid level in-
s:' -~ ; the bulb. For atmospheric runs it would he be·st to remove 
the throttle valve completely a~d open the pressure enclosure 
to atmosphere. No such runs were made. 
The maximum operating pressure of the apparatus is lirµited 
by safety considerations. Although the equipment was tested 
to 500 psig with high pressure nitrog~n at room temperature, 
no runs were made above 440 psig. During high pressure runs 
the only operating difficulty noticed was the long time re-
. I 
' t 
27 
quired to heat up the system. By increasing insulation thick-
ness or possibly preheating the pressure enclosure with the 
. ' . 
heating tape wrapped·9n the outside, the.time required to 
reach equilibrium at high temperature. would be decrease.d. 
It has been noticed that,at high temperature and prolonged 
boiling time, the test fluid, especially methanol, tends to 
. 
turn yellov1.. This· is probably due to corrosion of copper leads, 
heating wires, thermocouple VJires ahd their insulation, and 
possible decomposition of impurities in the test liquid. 
From error analysis it appeo.rs that. it.is not necessary 
to take such large samples. The errors in sample Vle"ight, length 
of time for the run, and v9por hold-up are the smalles.t among 
other inaccuracies. I11aking more but shorter runs would be ben-
efic·ial ~n averaging out random errors. An experimental run 
of 30 - 50 mi11utes time. should be sufficient. 
...... 
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I TABLE I I 
l 
. l" ,' . •, ,r .I 
'· E;perimental Data for Latent.Heat of Vaporization of-: 
/\ Water 
Run Average Average Power Time of W~ight of Latent Heat of 
~ernperature Input Run Condensate Vaporization 
(OF) (Volts)· ·(Amps.) (minutes) (grams) (Btu/Lb) 
22 224.2 19.167 • 9"262 100 49.700 919.5 
23 262.7 20.33 .968 100 52.43.5 967.0 
24 262.9 ·20.4 .9681 108 58.-752 934.8 
25 276.6 20.4 .9G5G 90 49.031 931.6 
26 284..7 20.4 • ~ 1659 100 53.553 946.5 \ , 
/ \ [: ' 1~ , I 27 r,07 1 20.4 .9635 100 54.606 927.0 \, l C..... • :~ el 
i• i [§ ~ I 28 288.7 19.0 .9002 100 49.305 893.-0 i -~.t 
~· ft 
- l 
19.0 47.954 919.0 
:.] 
I 29 304.3 • 9012 100 ., } 
·.1 
;,; 
30 302.0 19.6 .9481 100 53.880 888.1 
,. 
31 312.4 19.6 •. 9473 90 48.401 889.0 
32 24/.:c. 8 12.6 .8852 90 88.780 983.9 
33 287.2 18.0 .8558 105 44.312 939.5 
34 288.9 18.0 .8524 100 41.767 944-.0 
35 323.8 19.6 .935 75 42.401 833.4 t 
,:{ 
36 18.6 .876g 100 41.837 1004.0 ;,!: 272.3 :•,; :.: 
37 311.2 18 .• 6 .8725 · 100 44.939 929.0 · d 
>1 
38 .8702 100 43.703 ; 268.2 18.6 953.5 i"r ,. 
;,_: 
100 
!;1 
39 328.3 18.6 .8707 45.221 922.0 ' :c i ~ 
!' 
285.1 20.0 .936 90 45.981 944.0 
. 288.5 23.0 1.075 90 62.663 912.0 
265.0 _18.6 .865 85 38.691 909.59 
' 
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I TABLE I (Continued) I 
I 
I . Run Average Average of Latent ·Heat of \ i Power Time of · Weieht 
t No. Temperature Input fun Condensate Vapo_rization I 
i 
: (OF) (Volts) (A~ps.) (minutes) (grams) (Btu/Lb), 
43 281.7 18.6 • .8693 80 35.550 934.51 
44 297.5 21.0 .9731 78 43.581 939.31 
45 296.l ·21.0 .9668 56 34·.359 849.79 
46 256.6 21.0 .9659 85 47.103 940.79 
47 256.0 20.0 .9156 76 36.701 973.85 
48 329.3 20.0 .9307 37 20.'123 868.41 
:·, 
:·.\ 
:l 
.,, 
.,, 
49 329.0 20.0 0<:lt. ·65 -34. 676 901.67 
·, 
;\ 
• ....,v :r. :;: 
l:;, 
50 273.8 21.0 • 96,i3 20 44.166 944.60 1 
51 273.2 21.0 .9576 60 32.£31 943.57 
J 
: 
' \1' 
52 323·. 7 22.0 1.0062 70 44.677 893.23 
53 324.7 18.6 ."2~~;8 .80 36.3G5 .899.71 
54 324.3 18.6 .-8523 77 35.114 895.5 
55 292.1 20.0 .9074 80 40.545 922.16 
56 292.1 .20.0 .9205 82 43.282 898.20 
57 27'7.7 18.6 .8521 81 35.071 919.06 
58 303.4 20.0 .9202 80 41.814 906.79 
'! 
·' G, 
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TADLE II 
i 
I 
· 1 Accuracy of Experimental Data of Water. r 
: ! i , Hun Average Heat of Vaporization Deviati'on from 
.· f : 
1 
.I 
'l Temperature Expe rtmental Steam Table Steam Table value ,; I ,. J,O • f . 
LI I . Data . Value .,. 
t._·, 
, .. ( Op ) (Btu/Lb) %' ri (Btu/Lb) (Btu/Lo) 
'.' I !· 
·1 i; l 
919.5 ~" ! 22 224.2 962.4 - 42.09 - 4.46 . ' i 
' I I ~ I 23 967.0 936.8 30.2 3.23 . I 24 934.8 936.7 
-
1.9 
-
.20 
25 276.G · 931.6 927.1 4.5 .49 
26 284. 7 946.5 921.2 25.3 2.74 
27 297.1 927.0 012.2 14.8 1.62 
28 288.7 893.0 918.3 ..,. 25.3 
-
2.76 
29 304.3 919.0 S06.8 12.2 1.34. 
30 302.0 888.1 908. 6. ... 20.5 - 2.26 
.:{ 
31 312.4 289.0 900.8 
-
11.8 
-
1.31 .i 
::. 32 244.8 983.9 94}2. 8 35.1 3.69 
1 ,. 
33 287.2 939.5 919.4 20.1 2.18 :t j\ 
91 
-l 
:; 
.;J• 34 288.~ 944.0 918.2 25.8 ·2.81 } :.l 
.. 
. ;
;•• 
35 323.8 833.4 892.0 - 5.8.6 - 6!56 
t 
•i;;, 
... 
!!' 36 272.3 1004·~0 930.1 73.9 7.94 
37 311.2 929.0 SOl.7 17.3 1.. 92 
38 268.2 953.5 933.1 20.4 2.19 
39 328.3 922.0 888.5 33.5 3.77 
40 285.1 944.0 921.0 23.0 2.50 
41 288.5 912.0 918.4 6.4 • 70. j - -
42 · 265.0 909.59 935.3 - 25.71 - 2.76 
;-·. 
; 
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I TABLE II (Continued) 
·,;. 
·t 
! : I 
' ll : '· 
' I i Run Average. ·Heat of Vaporization. D
1
eviat1on from :,; : ·I 
--
.. 
Steam Table, Jtearil'., Table value 
. ·,-~ 
! No. Temp~r~~ure Exp;erimental 
,, ;-·, 
); Data Value 
( o·· ) 
_(Btu/Lb) (Btu/Lb) (Btu/Lb) % F 
. -
~ ··:·. 
43 281.7 -'934.51 923.2 11.31 1.23 
44 297.5 939.31 
~ 
911.9 27.41 3.00. 
;. 45 296.1 849.79 912.9 63.12 6.91 
1: 
i[; 46 256.6 940.79 940.9 .11 - . ·.01 , ..... -{ 
i 
.' 
·- 973.85 941.4 " 47 256.0 32.45 3.45 
~ 
48 329.3 868.41 887.8 - 19.39 - 2.1'9 
49 329.0 901.67 888.0 13.67 1.54. 
}· 
50 273.8 944. 60 929.0 15.6 1.68 
51 273.2 943 •. 57 029.3 14.27 1.54 
52 323.7 893.23 892.2 1.03 .12 
53 324.7 8.90.71 291.4 8-.31 • 93 
54 324.3 895.5 291.7 3.8 .43 
55 292.1 922.16 915.8 6.36 .70 
56 292.1 898.20 915.8 -- 17.6 ~1.92 
57 277.7 919.06 926.2 - 7.14 - .72 
58 303.4 906.79 907.8 - 1.01 - .11 
d . t· . Sum of deviations = 771.89. ___ 20 •86_ Bt-u/Lb Average ev1.a 10n = . 
n 37 · 
Sum of % deviations 83 99 % average deviation= = • = 2.26 % 
n 37_ 
I i 
. 11 
::1 
. I 
I 
I 
980 
960 
940 
920 
90 
88 
860 
840 
32 
FIGURE 4 
_ .. LATENT HEAT OF VAPORIZATION OF WATER 
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I . TABLE III 
'I I . 
' ' 
, I '· ; 
.) Experimental Data for Late,nt Hea.t of Vaporization of I •:,.-, I, :1 
'.''!'+ 
Methanol 
.;; 
·;-
.5 
''. 
'·? 
:! 1 : __ 
Run . Average Average Power Time of Weir:ht .;.., of Latent Heat of 
No. Temperature Input Run Condensate Vaporization . ·: 
(oC) (Volts) (Amps.) O.anutes) (6rams) (cal/g) 
1 132 •. 2 16 lO • .!. ~ ('()Qr.: • (.).., .;i) 80 59.210 223.l 
<./ 
2 1 rip 7 ' . .) ) . 19.11 .8012 90 89.cl3 220.2 
3 110.2 18.97 .799 80 80.640 242.l 
4 136.5 19.05 .8009 80 79.663 213.5 
5 146.6 19.05 .800 80 83.207 209.7 
6 111.3 19.0 .801 ·90 83.511 234.8 
i 7 136.9 19~01 .8005 90 85.884' 228.5 ( 
I, 8 124.5 19.0 .796 80 76.-508 229.2 
g 123.6 18.0 .880 90 87.972 232.0 
10 117.8 18.0 .8775 80 76 .• 26? 237.5 
11 114.8 18.0 .8795 81 78.310 2·32.5 
12 156.3 18.0 .875 80 87.508 205.9 
13 162.2 16'.0 .7805 90 82. 34.3 195.6 
1 !: 
... :t 1.13.8 18.0 .8755 80 75.054 240.3 
~=/ 15 129.9 18.0 .8735 75 74.013' 227.9 !: 
16 113.7 18.0 .874 80 74.386 242 •. 3 
17 105.0 14.81 .729 80 51.611 239.3 :·: :1, 
18 101.~ 14. 944 .736 90 57.353 247.6 
19 138.9 14.9'02 · .7335 ~ 65.205 216.1 
20 98.3 14.88 .7316 90 57.509 243.0 
21 173.2 14.944 .7318. 70 52.903 .. 207.0 
' . 
, I 
} 
'·.·······1 
.. 
I! 
'I 
. I 
. I 
I 
.· i 
. ! 
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· TABLE III (Continued) 
Run 'Average Average Power 
Ho. Temperature Inpu~, 
59 
60 
Gl 
62 
63 
64 
65 
66 
67 
68 
(°C).: (Volts) (Amps.) 
149.8 
150.4 
188.2 
188.-3 
155.5 
155.8 
170.l 
170.4 
181.7 
181.9 
te.o 
1s·.o 
17.0 
17.0. 
18.0 
18.0. 
18.0 
18.0 
17.0 
17.0 
.836 
.8328, 
.7938 
7C'·LJ.3 
• V -
.8267 
.8336 
.812·2 
.7012 
.7958 
.7053 
Time of 
Run 
(minutes) 
56 
82 
60 
60 
60 
85 
60 
66 
60 
60 
I•/ 
I 
.• 
. /) Weight.of .Latent Heat of 
·, 
• ,<f Vaporization· } Condensate 
(grams) 
57.769 
85.495 
69.501 
' 69.412 
60. 94:5 
89.077 
66.768 
71.662 
66.061 
66.578 
(cal/g) 
208.6g 
205.·14 
166. 67 
166.98 
20~.58 
204.82 
187.77 
187.65 
175.76 
174.31 
·_J 
,<) 
. i 
, I ! 
I 
I 
I 
I 
'i ~ I ; I 
,, 
,! 
' '· 
·' 
.)'! 
·,. 
.', 
'l 
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TABLE IV 
: Accuracy of Experimental Data of I·Aethanol. 
, . 
Run Average Heat of Vaporization Deviation from Accep-
No. Temperature · Experimental Accepted Lite-· . ted L:i. terature Value 
1 
2 
3 
4 
5 
6 
7 
8 
g 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Data rature Value* * 
( 0c )· (cal./gram) (cal./gram) (cal./gram) % 
· 132.2 
138.7 
110.2 
136.5 
146.6 
111.3 
136.6 
124.5 
123. 6 ·' 
117.8 
114.8 
156.3 
162.2 
113.8 
120.9 
113.7 
105:.0 
101."3 
138.9 
98.3 
173.2 
223.1 
220.2 
2'12 .1 ,, 
213.5 
2og.7 
234.2 
228.5 
229.2 
232~0 
237.5 
232.5 
205.9 
195.6 
240.3 
227.9 
242.3 
239.3 
247'. 6 
216.1 
243.0 
207.0 
222.2 
217~2 
237.2 
219.0 
210.6 
236.5 
218.9 
227. 7 
228.5 
232.3 
234.2 
202.0 
196.5 
834.9 
224.1 
235.0 
24Q.4 
242.7 
217.1 
244.6 
185.1 
.9 
3.0 
4.9 
- 5.5 
- • 9 
- 1.7 
9.6 
1.5 
3.5 
5.2 
- 1.7 
3.9 
- • 9 
5.4 
3.8 
7.3 
- 1.1 
4.9 
- 1.0 
- 1.6 
21.9 
.41 
1.38 
2.07 
- 2.51 
- .43 
- .72 
4.39 
.66 
1.53 
2.24 
- .73 
1.93 
- .46 
2.30 
1.69 
3.11 
- .46 
2.02 
- .46 
.66 
11.83 
'1 
' '? 
!·· 
:; I 
• I 
. I 
':: I 
ii 
! 
'I I 
·. j 
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TABLE IV (Continued) 
Run 
}fo. 
.. Average Heat of Vaporization Deviation from Accep-
Tempe.rature ' Experimental Acc·epted. Lite- '. ''ted Li.terat'ure' Value ' 
Data rature Value·* · * 
0 . ( : C ) (cal./gram) (cal./gram) (cal./gram) % 
59 149.8 . 208. 69 207.7 .99 .48 
60 150.4 205·.14. 207.1 - 1.96 - .95 
61 188.2 166.67 167.9 1.23 .73 
167 .8 - .82 - .49 62 ..... 188.3 · 166. 98 
63 155.5 209.58 202.6 6.98 3.45 
64 155.8 204.82 202.4 2.42 l.19 
65 170.1 187 .• 77 188.3 .53 ·.28 
66 170.4 187.65 188.0 - .35 - .19 
67 181.7 175.76 175.5 .26 .14 
68 181.9 174. 31 175.4 1.09 .62 
Sum of deviations Average deviation = _.;..;..;~~.a-=-:~~=~ = 
n 
106.83 
= 
3.44 cal. gram 
Ol ~ average deviation _ Sum of 16 deviation _ 
- n -
* Data from reference (10). 
31 
50.51 :.! 1.63 % 
31 
···-
1 
\.: 
i .~~ 
i 
I 
. I 
! 
rature 
QC 
80 
,· 
r { 90 
,. 
ir, 
... :1 
100 
110 
120 
! 130 
140 
,., 150 
f:.:: 
!·~ 
;:11 160 
!' 
r ). 
170 
180 
100 
200 
210 
37 
TABLE V 
CaJ.culated Heat of Vaporization of Methanol 
Using Clausius-Clapeyron Equation· '. 
Vapor 6p Interpolated Specific 
Pressure 6. T 6'p Volume 
Ref. ( 5 ) ~T Difference. 
Ref. ( ·5 ) 
:r;rrm Hg rrm1 He/ 0c , " /c 2 crc:m T:1 OK·· Ft3/Lb 
1340.6 
55.48 
1895.4 87.211 5.480 
72.81 
2623.5 113.356 3.988 
93. 94 
3562.9 144.818 2. 947 
119.09 
4753.8 182 .064. 2.227 
148.73 
6241.1 226.033 1.6932 
183.77 
,,r 8078.8 276.821 1.2998 
223.44 
10,313.2 334.788 1.0020 
269.04 
13,003.6 401.435 • 7767 
321.48 
16,218.4 477·. 382· .6106 
380.76 
20,026.0 562 .629 .4756 
446.88 
24,494.8 657.6G3 .3713 
520.60 
29,700.8 764.639 .2870 
604.20 
35,742.8 
Calculated 
Heat of .. 
Vaporization 
cal./gram 
253.99 
246.86 
239.30 
233.28 
225.80 
217.55 
207.73 
197. 64 
189.03 
177.45 
165.51 
151.95 
'~ 
•I 
·, 
~, '· -,:... ·'c • ··, • ., .. -, 1 .: ·'.-" ·' , -._-;... ,:_: .• ;;, -~ .•• -. : ,-.:; ,- , _ ,.~.,,..: ·, -~, · •• ·· .-· 
TABLE \'I 
~ 
Comparison of Heat of Vaporization Data for ?-!ethanol 
Deviation from Literature Value R~L (10) 
Ter.ipera- Author's E:x--pe- Perry's Calculated Li tcrciturc 
ture rimental Data Han<ll:>00k by Clapeyron \'aluc Author's Perry's Clapeyron· 
(smoothed out) Ref. (8 ) Equation * Ref. (10) Dat:1 llandbook Equation* 
( oc ) ( cal./ gram ) ( cal./ gram) (cal. /rnm ) (cn1./p,r;im ) C % \\'t ) ( % wt ) ( % wt J 
90 252.4 ** 248.0 253.99 249. 6· 1.12 -0.64 I. 76
 
100 246.2 241.3 246.86 243.6 :i. 07 -0.94 1.34 
110 239.5 234.2 239.30 237.4 .89 -1.35 .so 
120 232.5 226.7 233.28 230.8. • 74 -1. 78 1.07 c.,:, CX> 
130 225.2 218.7 225.80 224.0 .54 -2-. 37 • 80 
140 216.7 210.5 -217. 55 216.1 .28 -2.59 .67 
150 208.0 202.0 207. 7.3 207.5 .·24 -2.65 .1l 
160 198.S 193.S 197.64 198.5 0 -2.52 ~0.43 
170 187.9 184.6 1_89.03 188.4 '."'o. 27 -2.02 • 33-
180 176'. 9 175.0 177.45 177 .4 -0.28 -1.35 .03 
190 165.3 ** 163.o 165.51. 165.6 -0.18 
-1. 57 -0". OS 
Average Deviation .51 1. 79 .67 
' .-
* 
See TABLE V for details of calculations. 
** 
Extrapolated values. 
. . - ----
__ .·.••--·-· ••••- '·-c•• •• -••·• .. ",••• ,,.~,,~,-.-.-_•"1:1,,:,'-"-/,•" .. ~ ,•,,-,; .,•, 
,- ;._.. .._;:;M:.;·-:_;. .- .. , .. .:,,'.~,..-:.-;<;-. 
t .• . - . 
I 
I 
I. 
250 
240-
230 
220 
210 
200 
190 
180 
170 
160 
150 
39 .. 
FIGURE · -5 
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CONCLUSIONS 
From the preceding results and discussion the following 
conclusions may be drawn: 
1. The smoothed experimental results indicate that the 
heat of vaporization of methanol agrees fairly well with the 
literature values. However, the precision of work and the re-
producibility of individual runs is considerably lower than 
the values reported in the literature for similar experiments. 
2. The reproducibility of results for water runs was not 
as good as for methanol runs. 7his is probably due to the higher 
temperatures of v:ater and longer time required to reach ther-
mal equilibriu.11. \'li th an improved technique of maintaining 
equilibrium during the run and especially v,ith calibration of 
the neck heater the experimental results are bound to improve. 
3. A very pure sample is required for the experimental work 
and care should be taken to prevent any contamination during 
the run. The main sources of contamination are: moisture from 
atmospheric air, calorimeter heater wires, and insulation of 
thermocouple wires. 
4. Due to random errors an individual experimental result 
is not reliable. The correct values of latent heat of vapori-
zation can be obtained only by averaging many experimental runs. 
5. As designed at present the apparatus is useful for one 
component systems only. For multicomponent mixtures modification 
of the calorimeter bulb is required. Good mixing of bulb liquid 
with the surrounding liquid is necessary for multicomponent 
m \:r':ures. 
: I 
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BECOM}fENDATIONS 
Aft,er working with the apparatus the author believes that 
following improvements or changes should be made: 
1. Install a silica gel drier (adsorber) in the liquid line 
between the storage tank and the pressure enclosure. Any mois-
ture or other dissolved impurity would be removed from the liq-
uid before it enters the pressure enclosure. 
2. Install an additional thernocouple inside the vapor line 
with the junction point right in front of the inlet to the 
throttle valve. This \'Jill indicate the amount of superheat or 
lack of it in the Sc:Y:1.ple vapor. This thermocouple will be very 
helpful in calibrating the ~eek heater. 
3. 'i:rap a heating tape ( or resistance wire) on the outside 
of the pressure enclosure, especially around the flanges. Heat-
ing up time of the system will be shortened considerably. 
4. Since cleanliness inside the pressure enclosure is very 
important, only noncorrosive and nondissolving materials should 
be used. The calorimeter heater could be made out of platinum 
wire. This will prevent the heating wire from dissolving by 
electrolysis. The braided insulation on the thermocouple wires 
should be replaced with porcelain or glass sleeves, since the 
braided insulation deteriorates after continuous use at high 
temperatures. 
5. Calibrate the neck heater to determine exact heat losses 
from the sample vapor at various temperatures and boiling rates. 
This will help to improve the reproducibility of results. 
6. One of the system faults is that concentration of the 
heavy components (impurities) occurs in the bulb as the liquid 
i ·• 
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boils off. As discussed before, the difference in concentra-
tion causes difference in temperatures between the bulb and 
the surrounding liquids. If better liquid mixing is provided 
the concentration difference will disappear. Since the only 
purpose of the calorimeter bulb is to separate the vaporized 
test liquid from the rest of the enclosure the capillary tube 
is not absolutely necessary. The author thinks that if the 
bottom of the bulb is cut off and the bulb is left completely 
open to surrounding liquid, better liquid mixing will result. 
To prevent vapor bubbles produced by the enclosure heater from 
entering the bulb, a fine stainless steel wire screen can be 
placed between the bulb 2nd the enclosure heater. The enclosure 
heater should surround the bulb to insure uniform heating. 
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NOTATION 
1 
·' 
Btu 
Specific heat, ·at constant pressure, 
I Lb-°F 
:deviation = (Experimental value) - (True value) 
G 
f_ 
Diameter, Ft 
4.18 x 108 Lbrn-Ft2 
Lbf-Hr 
Mas~ yelocity, Lb 2 Hr-Ft 
Fa~ing friction factcr 
Natural conyection p.eat transfer coefficient, 
Current , amps 
4•184 watt-se~onds-
cal. 
= 0•2930 . watt-Hr 
Btu 
k . . Btu Thermal conduct1v1ty, ~~-=2,--~~-Hr-Ft -(°F/Ft) 
Length of tu~e, Ft L 
n Total number of experimental points 
p Pressure, psia 
,6.P Pres.sure drop or pressure difference, psi 
P Electric power,. v,att 
R Resistance, ohms 
Reynolds number 
u Velocity, Ft/sec 
u Overall heat transfer coefficient, 
Btu 
t Thickness, Ft 
T Temperature, 
0R 
t::::.T Ternper~ture difference, °F 
' 3 
v Specific volume, Ft/ Lb 
V Voltage drop, volts 
~ Weight of condensate, grams 
Btu 
2 o Hr-Ft - F 
j 
l 
l 
\·. 
i 
Greek letters 
Volwnetric coefficient of expansion, ( 
Latent heat of vaporization, Btu/Lb 
Viscosity, _L_b~~ 
Ft-Hr 
Density, Lb/Ft3 
Time, minutes 
Subscripts 
l calorir:1C;tcr 
2 bulk, surround in[: liquid 
\' 
"' 
vupor 
1 liqid 
. ) ·) 
.·-· i 
./ 
,. 
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SAMPLE CALCULATIONS , 
A. Calculation_ of Heat of ,Vaporiz·ation ,from Experimental Data • 
Data of run No. 64, Table III: 
Average thermocouple readings: v1 = 6. 998 millivol t.s 
v2 ·= 6.995 millivolts 
Calorimeter heat,er, avg. voltage: V = 18.0 volts 
avg. current: I= 0 • .8336 amps 
Resistance of leads to calorimeter heater: R = 0.051 o.hrils 
Weight of. condensate collected (methanol): W = 89.077 grams 
Time: ,& = 85 minutes 
Calculation: 
Uncorrected calorimeter ·heater power input, P = VI 
18.0 volts x 0.8336 amps = 15.004· watts 
Correction for lead resistance = I 2R 
2 ' (0.8336 amps) x 0.051 ohms = 0.036 watts 
t 
Corrected calorimeter heater power input, pi = VI - I 2R 
P~ ~ 15.004 - 0.036 = 14.968 watts 
Latent heat of vaporizat~on, 
A = 14.968 x ~85· x 60) 
4.184 X 89.077 
P' -& 
J w 
= 204.82 cal./grarn 
Average temperatµre for the run = 155 • .S 0c 
Literature (10) value of heat of vaporization= 262.4 cal/gram 
Deviation = 204.82 - ·202.4 = 2.42 cal/gram 
% Deviation = 2~42 x 100 = 1.2 % 
202.4 
/' 
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B. Calculation of Heat of Vaporization Using Clapeyron Equation. 
Data for metbanol :· 
. Temperature .'i' Vapor Pressure 
Ref. (. 5 ) . 
( oc ) ( mm Hg) 
so l340.6 
90 1895.4 
100 2623.5 
Calcul~tion 
·, Specific volume. Ref\ ( 10 ) 
. .. vapor liqµid 
( Ft 3 /Lb ) ( Ft 3 /Lb ) 
5.502 .0222 
at 90 °c .6.P 
~,;T 
= 
2623.5 - 1340.6 
100 - 80 
= :64.145 
For small ~ T v,e can assume. that is close enough to _£E_. dT 
Dy Clausius - Clapeyron equation hest of vaportzation 
A dP 
=. T (vvapor - ·:liquid)~ 
et 90 °c (= 363.2 °K) 
~ = 363.2 X (5.502 - Q.0222) X 64.145 X F 253.99 cal./gram 
· 3 · 2 5 
where F = (62.43 Lb/F~ ) (1.3596 gram/cm ) (2.3438 x 10- cal.) 
1 gram/ cm 1 mm Hg 1 . gram cm 
I ji 
r 
r· 
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C, 
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C. Calculation of Pressure Drop through the Capillary Tube. 
Data: 
Capillary tube ID · = 1.5 mm ·= · 0.00493 ''Ft. 
Capillary tube length = 0.125 Ft 
Physical properties of methanol for the run No. 64 
Temperature = 155 •. 8 °c 
Pressure , = 230.0 psia 
Liquid density = 39.8 Lbs/Ft3 
Liquid viscosity = 0.325 Lbs/Ft-Hr 
Ave,. liquid flow rate = 89 •077 grams = 0.1385 Lbs/Hr 
85 minutes 
calculation: 
C · 11 t b . t. 1 . 'ii D
2 
ap1 ary u e cross-sec 1ona area = -
4 
A = 'i\(0.00493)2 = 1.905 X 10-5 Ft2 
4 
0.1385· Mass velocity G = ---'~,---~--=-
1.905 X 10-5 
R _ DG _ 0.00493 x 7270 
e - Y - 0.325 
= 7270 Lbs 
Hr-Ft2 
= 110.2 
for laminar flow, 16 .1
6 f ·= R = ----- = o.1451 
e 110.2 
[~ p 
'...,. 
~p 
_. 2 f L G2 
gc ·~ D 
= 2 X 0.1451 X 0.125 X (7270) 2 
4.18 X 108 X 39.8 X 0.00493 
= 0.0235 ~ 
. Ft2 
Entrance loss to capillary tube = 0.5 velocity head 
Exit loss from capillary tube -
Velocity head ·= L = (O.OS0?) 2 
2g
0 
· .2 x 32~2 
1.0 velocity head 
= 4.0 X 10-S Ft 
·Liquid velocity = ---7--2-70---- ·= 0.0507 Ft/sec 
3600 X 39.8 
L 
,-,'l, 
51 
' 
'-5 ~ AP = (0.5 -t:. 1) x 4.0 x 10 , x .39.8· = 0.00239 Ft 
Total L).p = 0~0235 + 0.00239 = 0.02589 Lb 2 Ft 
Height of liquid = 0•02589 x 12 = 0.0078 inches 
39.8 
D. Calculation ·of Heat Loss from Bulb to Surrounding Liquid. 
Data: 
Bulb diameter = 111 
Bulb lenGth = 2" = 0.1667 Ft 
For the run No. 64 
measured heat input = 14.968 watt = 51.l Btu/Hr 
weight of methanol = .89.077 grams = 0.196 Lb 
Physical properties of saturated methanol at 155.8 °c 
k = 0.075 - 8~t...;;.;u ___ _ 
Hr-Ft2-(°F/Ft) 
~ = 0.325 Lbs/Ft-Hr 
C = p 0.96 Btu/Lb-°F 
~ = 39.8 Lbs/Ft3 
~ : ( ·/:). V )_l_ = (0.0253 - 0.0250) 1 
AT v1 10 0.0252 
= 0.00119 (°F)-l 
Methanol boiling range from. 1000 ml to 95 ml volume .evapo-
ration is = ·o.2°c (f:rom methanol specification) • 
. Calculation: 
Volume ratio of boiled off liquid · for O .·2 °c temperature 
rise = lOOO = 10.52 
95 · 
Volume .o:f liquid contained in the bulb 
'if(l) 2 X 2 = 1.57 in3 
,_. 
'4. 
c;rn2 
- ··L 
-
4 
,. 
i 
'· 
,'·, 
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Weight of liquid in the bulb = 
0 0 1 Ft3 1.57 inv x 39.8 Lbs/Ftu x ( ~) = 0.0362 Lb 
1728 in° 
Temperature 
0.196 Lb 
0.0362 Lb 
rise due to 
0.2 °c 
X ------
boiled off liquid in the bulb= 
= 0.103 °c = 0.186 °F 
10.52 
Surface of the bulb covered with liquid = 'FD L + 'iT D
2 
'ff X 1 X 2 + (jj'(l)
2
, = 7.86 in2 = 0.0546 Ft2 
2 
2 
h = 0. 59 k L e gc t:' ~ T ( cp fa..) [ 
3 2 A J 0.25 Ref. ( 6) 
c L Jl',-2 k 
h 
C 
0.59 X 0.075 
= -----'---
0 .1667 
l(0.16C7) 3 X (39.8) 2 X 4.18 Y. 108 X 
[ (0.325) 2 
~
0.25 
X 0.00119 X 0.186 X ( 0 • 96 X 0 •325 ) 
0.075 
h = 19.0 :~tu .-
c •J T1tL:'. o,, isI'-1' - ..! 
thermal conductivity throu0h the 
k = 0.63 Btu/Er-Ft-°F 
t (0.051) Ft 12 
Btu 
= 148.2 ~~~-2 0 Hr-Ft - F 
AS.S'J.ming that inside and outside heat transfer coefficients 
are equ2l to nstural convection coefficients, then overall 
. . 1 
resistGnce = -- = 1 
1 +--- + 
u 19 .. 0 148.2 
Heat loss from the bulb = U A 6T = 
1 
19.0 
= 0.1119 
( l ) x 0.0546 x 0.186 = 0.0908 Btu/Hr 
0.1119 
E . h t f . t· 0.0
90S X 100 -- 0.178 ~ 
•rror in ea o· vaporiza ion = /V 
51.l 
l· 
l 
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E. Heat of Vaporization of Methanol with Water as Impurity. 
Data: 
W~ter c::ontent , , = O.O•f0%, wt. 
Heat of v~porization at 3112. 5 °F 
water = 967.17 B·tu/ Lb 
methanol= 359;.98~Btu/Lb 
Calculation: 
' -..'..-
Error in heat of vaporization (as compared with pure methanol) 
0.0004 x .(967.17 - 359.98) = 0.2428 Btu/Lb 
% e;rror = 0.2428 
359.98 
X 100 = 0.068 % 
F. Heat Loss Due to T·emperature Rise Durinr; the Run. 
It is as3urned that weir;ht of methanol contnined in one 
bulb volume increases in temperature by the total tempe:rature 
rise during the .run. 
Data: 
Liquid methanol contJ1ined in the bulb = 0. 0362 Lb 
Total temperature rise during the run 
(averar;e fpr all runs) 
= 0.8 °F 
Specific heat of methanol = 0.96 Btu/Lb-°F 
Calculation: 
Total heat inp~~ measured during the run= 
14.968 watt x (__§,§_) Hr x ( 1 Btu/Hr ) = 72.4 Btu 
60 0.2930 watt 
Sensible heat loss = 
o.0362 Lb x 0.96 Btu/Lb-°F x 0.8 °F = 0.0278 Btu 
% error = 0•0278 x 100 = 0.038.% 
72.4 
("' 
~,- < 
,", 
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G. ·calculation of Standard Deviation. 
Co~puter calculated values of heat of vaporization based 
on :.th~' least squares curve •. 
Data: 
Total numbe.r of· runs r n = 31 
[ d = 104.45 cal./gram (sum of absolute values) 
z..d2 = 708.127 
Average A.calculated = 214.2 cal./gram 
Calculation: 
n: 
708.127 = 22.84 
31 
·----·· 
(104.45) 2 
-- 351.93 
n 31 
( I. d) 2 
= 708.13 
n 
Varianc.e = Ld2 - <~dl2 
n - 1 
35),..93 = 356.20 
= 356.20 
= .11.87 30 
standard. deviation = ~11 .• 87 = 3.44 cal./gram 
for 95 % probability and. 30 degrees of freedom 
t = 2.04 (from ~robability of a Larger t--Value Table) 
% standard deviation = 2•04 x 3•44 cal./g~am x 100 = 3.28 % 
214.2 cal./gram 
' 1" ' 
( 
t, 
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EQUIPL'IENT · SPECIFICATIONS 
Pyrex glass bulb with mechanically attached stainless 
steel adapter, see Figure 2. 
2. PRESSURE El(CLOSUP.E 
Jerguson gage size 11 - TL - 10 
Material: 304 stainless steel 
Dimensions: 2" IPS pipe, 6-3/4" long 
3-3/4" long visible glass 
Pressure rating: 280 psig at 750 °F 
790 psie at 100 °F 
Jerguson Gage & Valve Co., Burlington, tassachusetts 
3. FLAI~GES 
Material: 304 stainless steel 
Pressure rating: 600 psig 
4. LIQUID STCRAGE TAI1~K 
Material: stainless steel 
Dimensions: 9" dia. x 16" overall height 
(approximately 4.3 gallons) 
Pressure rating: 550 psig (tank was pressure tested in the 
laboratory to 500 psig at room temperature) 
Connections: 1/4" OD tube adapter, top and bottom 
5. CALORIMETER HEATER 
Material: chromel "A" free from iron resistance wire 
30 B & S gauge, 38" long 
Total resistance: 21.035 ohms at room temperature 
Dimensions: 5/16" dia. helical coil 
1-1/2" finished heater length 
.1 
', 
:, 
J 
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6. PRESSURE ENCLOSURE HEATER . 
Material: nichrome resistance wire 
26 B & S gauge , 14 feet long-
Total -resistance: ·35.20 ohms at. room temperature· 
Dimensions: .3/8" dia. heli~al_ ·coil, 
2-1/4" high U-shape finished heater with 
1/ 4 .-, OD glass rod as a core to maintain form. 
7. NECK HEATER 
Material: nichrome resistance wire 
26 B & S gauge, 10'-7" long 
Total resistance: 26. 69 oh.ms at .room temperature 
Asbestos covered wire is wrapped on the outside parts of 
vapor tube. Inside the pres~ure enclosure asbestos covering 
is removed and 'Qare wire is 'Wrapped around glass neck. 
8. LIQUID STORAGE TAHK HEATER 
Mater-ial: nichrome resistance wire 20 B & S gauge, 
asbestos covered, 31 feet long. 
Total resistance: 20.21 ohms at room temperature 
9. FLOW co~·JTROL VALVE (THROTTLE VALVE) 
,.,. 
Very fine metering valve 1/8" size 
Material: stainless stee~ body 
teflon. seal 
Pressure rating: 0 to 1,000 psig 
NUPRO 2S, Nuclear Products Go. , Cleveland, Ohio 
10. PO'NERSTAT 
variable transformer, The Superior Electric Co. ,Type 116 
Input: 120 volts 
Output~ 0 to 140 volts, 7.5 amps maximum 
11. CONSTANT . VOLTAGE TRANSFORMER 
Input: 100 to 120 volts Output: 110 volts 
't; 
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12. THERMOCOUPLES 
Copper and Copper-constantan thermocouple wire 30 B & S 
.gauge, in.sula,ted with cotton braid 
13. POTENTIOMETER 
Type K-3 Universal Potentiometer 
Leeds & Northrup Co. Catalog· No. 7553-5 
14. A.. C • VOLTL,:ETER 
Range: 0 to 15 volts and Oto 30 volts for full 
scale deflection.of 120° 
Accuracy: 0.03 % 
West~n Electric Instrument Corp. }:iodel 433 
15. A. C. A(TI?:CRI-.:ETER 
Range: 0 to 1.5 amps 
Accuracy: O.O~ % 
General Electric Co. 
16. PRESSURE GAUGE 
Aschcroft test gauge 
Ran6e: 0 to 1,000 psig, calibrated in units. of 10 psi 
17. ABSOLUTE l'/lETHYL ALCOHOL 
Baker Analyzed Reagent 99.8 % purity 
Analysis: Acetone and Aldehydes 
Alkalinity 
0.001 % 
0.0002 % 
0.002 % 
0.001 % 
0.04 % 
Acidity 
Nonvolatiles 
Water 
Boiling point (normal) 
Boiling range, 1 liter - 95 ml 
95 ml - dryness 
64.6 °c 
0 0.2. C 
0.4 °c 
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